Human cytomegalovirus (HCMV) DNA was digested with restriction endonucleases and the fragments characterized with respect to molecular weight and relative mole proportions. The terminal fragments were identified by digesting HCMV DNA with exonucleases before restriction endonuclease treatment and subsequent gel analysis. The HindlII fragments of HCMV DNA were cloned in Escherichia coli and recombinant plasmids were characterized by digestion with restriction endonucleases and by molecular hybridization with HindlII, BgllI and XbaI fragments of the virus genome. Data from these experiments were used to construct physical maps of HCMV DNA for the HindlII, BgllI and XbaI restriction endonucleases. The terminal regions of the genome and the region containing fragment HindIII M were shown to be heterogeneous.
INTRODUCTION
Human cytomegalovirus (HCMV) is a member of the herpes group of viruses and causes a variety of clinical conditions in man (Weller, 1971; Hanshaw & Dudgeon, 1978; Nieman et al., 1977; Rubin et al., 1977; Geder et al., 1977; Melnick et al., 1978) . The HCMV genome is a linear DNA molecule with a mol. wt. of approx. 150 × 106 which is infectious for human diploid lung ceils (Geelen et al., 1978; Stinski et al., 1979) . It contains long (L) and short (S) regions of unique DNA sequences which are each bounded by a set of repeated but inverted sequences (P. Sheldrick & N. Berthelot, unpublished observations quoted by Weststrate et al., 1980) . This structure enables the virus genome, like that of herpes simplex virus type 1, to undergo internal rearrangement during replication to form four molecular isomers (for review, see Roizman, 1979) . Restriction enzymes which do not cleave the repeated sequences yield submolar quantities of some fragments (Clements et al., 1976; Skare & Summers, 1977) . DNA fragments derived entirely from the unique regions of HCMV DNA appear in molar proportions, fragments containing the terminal regions are present in half-molar proportions, each terminal fragment being present in only two of the four isomers, and fragments containing the internally repeated regions are present in quarter-molar proportions. Restriction endonucleases which cleave within one of the repeated sequences give terminal fragments which are present in either molar or half-molar proportions and half-molar proportions of two fragments containing the internally repeated regions.
In this paper we describe the construction of recombinant plasmids which contain the HindlII restriction endonuclease fragments of HCMV DNA. These plasmids were characterized by digestion with restriction endonucleases and by hybridization reactions with restriction endonuclease digests of HCMV DNA. These data were used to construct cleavage maps for the genome which show several differences from those published by Weststrate et al. (1980) for the same strain of HCMV.
0022-1317/82/0000-4673 $02.00 © 1982 SGM Agarose gel eleetrophoresis. DNA fragments were separated by electrophoresis in 0.65 % or 1% agarose gels that were prepared and run in 40 mM-tris base, 20 mM-sodium acetate, 1 mM-EDTA pH 8.2. Electrophoresis was at 3 V/cm for 12 to 18 h for 1% gels and at 2 V/cm for 40 to 44 h for 0.65% gels. After staining with ethidium bromide (1 /tg/ml) gels were photographed under u.v. illumination on Polaroid type 55 positive-negative film using a red filter. Gels containing radiolabelled DNA fragments were dried and autoradiograms prepared on Kodak X-Omat XRP5 X-ray film using Cronex Lightning-plus intensification screens (Dupont) .
Determination of mole proportions of DNA fragments. Photographic negatives of ethidium bromide-stained gels were scanned at 600 nm in a Gilford 250 spectrophotometer and the areas of the peaks determined by planimetry, mole proportions were calculated by dividing the area of each peak by the molecular weight of the fragment. Similar results were obtained by scanning autoradiograms of gels containing DNA fragments terminally labelled with [t~-32p] dCTP.
Construction of recombinant plasmids. The plasmid vector pAT153 was digested with HindlII and then treated with bacterial alkaline phosphatase to prevent self ligation. HCMV DNA was digested with HindIII and the fragments mixed with the cleaved plasmid in a 1 : 1 molar ratio of free ends. The DNA concentration was adjusted to 20 jtg/ml and the mixture then incubated with T4 DNA ligase (Murray et al., 1979) in 66 mM-tris-HC1 pH 7.2, 1 mM-EDTA, 10 mM-MgC12, 10 mM-dithiothreitol, 100 mM-ATP at 10 °C for 12 h. The reaction was stopped by heating at 70 °C for 10 min, the DNA precipitated with ethanol, dissolved in 10 mM-MOPS buffer pH 7.5 and then transformed into E. coli HB 101 (Kushner, 1978) . Bacterial transformants (a total of 1050 well-separated colonies) were picked for storage as glycerol cultures at -70 °C. Colony hybridization (Grunstein & Hogness, 1975) of this clone bank, using 32p-labelled HCMV DNA as the hybridization probe, showed that approx. 80 % of the colonies contained recombinant plasmids. Small amounts of recombinant plasmids were prepared as described by Birnboim & Doly (1979) and large amounts were prepared from chloramphenicol-amplified broth cultures (250 to 1000 ml) by isopycnic banding in CsCI gradients.
Molecular hybridization. DNA fragments were separated in agarose gels; a terminally labelled duplicate sample (at 1/10th DNA concentration) was run in an adjacent track to aid identification. The separated fragments were transferred to nitrocellulose filters (Southern, 1975) and then hybridized in 50% (v/v) formamide in 2 × SSC (0.3 M-NaCI, 30 mM-sodium citrate) at 37 °C for 24 to 48 h with HCMV DNA or cloned DNA fragments, labelled with 32p by nick translation (Rigby et al., 1977) . The filters were washed after hybridization with 50% (v/v) formamide in 2 × SSC (three times) followed by 2 x SSC (three times) and dried before autoradiography.
RESULTS

Restriction enzyme analys& of HCMV DNA
The fragmentation patterns obtained by digesting HCMV DNA with HindIII, BgIII or XbaI are shown in Fig. 1 ; the molecular weights of different fragments, calculated from their electrophoretic mobilities, and their relative mole proportions, are given in Table 1 . The fragmentation patterns were essentially similar to those of Weststrate et al. (1980) , except as follows [their designations are shown as (qW/rW) etc.].
HindlII digests
Two additional fragments were detected: HindIII Q (mol. wt. 4.8 x 106) which was present in low mole proportions (about 0.25) and HindIII c (mol. wt. 0.57 × 106). The digests contained approx. 2 instead of 1.5 mole proportions of fragments V/W (qW/rW) (mol. wt. 3.7 × 106). 117 that digestion with Bal 31 reduced the mole ratios of the band containing fragments BgllI A to E from 1.74 to 1.07 with respect to BgllI J to N, indicating that the half-molar BgllI D was also terminal. Similarly, the mole ratios of fragments XbaI H to L were reduced from 3.53 to 2.36 with respect to XbaI N, indicating that two half-molar terminal fragments were present in the region from XbaI H to L. Digestion with Bal 31 also reduced the amounts of some other fragments, especially HindlII A and B, indicating that these fragments may contain single-stranded regions. These results are similar to those of Weststrate et al. (1980) and confirm that HindlII H (dW), I (e w) and K (fw) and BgllI D (aW), F (b w) and G (c w) are terminal fragments but differ in that BgllI I (eW), and the previously undetected fragment HindlII Q, were also identified as terminal fragments instead of BgllI L (h w) and HindlII U (qW). Moreover, HindlII U (qW) was obtained as a recombinant plasmid by methods which would not have cloned terminal fragments.
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The arrangement of these fragments in the internally repeated sequences of the genome was investigated using three recombinant plasmids containing the internal repeats. Each of these plasmids hybridized with the submolar HindlII, BgllI (except BgllI O') and XbaI fragments of HCMV DNA (data not shown). Physical maps of these plasmids for the BgllI, XbaI, EcoRI, PstI and BamHI restriction endonucleases are shown in Fig. 3 ; the homology between these plasmids, corresponding to the internally repeated pNA sequences, extends over a region with a mol. wt. of approx. 8.5 x 106. Plasmids H1A11 and H8C5 shared a sequence (mol. wt. 3 x 10 6) from one unique region of the virus genome and plasmids H1A11 and H12B2 shared a sequence (mol. wt. 1.5 × 106) from the other unique region. The fragments designated H 1A 11-EcoRIc, H 1A 11-PstI d, H8C5-PstI b, H8C5-PstI e, H 12B2-EcoRI c and H12B2-EcoRI f, all of which contained unique HCMV DNA sequences, were used as hybridization probes with HindlII, BgllI and XbaI digests of HCMV DNA (Fig. 4) . The results (see Table 2 ) showed that fragments H1AII-PstI d and H8C5-PstI e (which are identical) both hybridized with HindlII Q, and the homologous fragments HindlII Q' and Q"; fragment H 12B2-EcoRI c and H 12B2-EcoRI f hybridized with HindlII H and fragment H8C 5-PstI b hybridized with HindilI I. Fragments H 1A 11-EcoRI c and H 12B2-EcoRI e (which are identical) both hybridized strongly with HindlII K; these fragments also hybridized with the other terminal HindlH fragments indicating that they contained both unique and 
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Table 2. S u m m a r y o f hybridization reactions o f D N A fragments f r o m recombinant plasmids with terminal and subterminal fragments o f H C M V DNA
Hybridization-positive HCMV DNA fragments* DNA fragment used as , ,~-.... hybridization probe:
.12 2EcoRI l
* The hybridization reactions with internally repeated fragments and fragments from the unique regions of the genome (see Fig. 4 ) have been omitted. The weak hybridization reactions have also been omitted.
"~ These fragments contained some internally repeated sequences (see text).
The XbaI terminal and internally repeated fragments were identified by hybridization reactions with D N A fragments prepared from plasmids H8C5 (HindlII C) and H12B2 (HindlII B; Fig. 3 ). Fragment H8C5-PstI a, which is contained entirely within the internal repeat (Fig. 3) , hybridized with all the terminal and internally repeated XbaI fragments (Fig.  5) (Fig. 4) ; XbaI L was arbitrarily designated the terminal fragment. Several DNA fragments containing internally repeated sequences also hybridized (Fig. 4  and 5 ) to a fragment previously designated XbaI (d) by Weststrate et al. (1980) . This fragment migrated as a heterogeneous band (Fig. 1) and we propose that it contains internally repeated fragments of similar size designated XbaI D (MI) (mol. wt. 13.3 × 106) and XbaI E (ML) (mol. wt. 12.8 × 106) and their homologues. Although plasmid H8C5 hybridized with XbaI A, O/P/R' and M/M'/M", it contained only one XbaI site (Fig. 3) . This site corresponds to the junction between XbaI O and M; the hybridization reactions of fragment H8C5-EcoRI c confirmed that the plasmid was not cleaved at the XbaI site between XbaI A and O. Ten additional clones from this region of the genome (HindlII C) were also resistant to cleavage at this XbaI site. The arrangements of the terminal and internally repeated HindlII, BgIII and XbaI fragments of HCMV DNA are shown in Fig. 6 for one orientation of the virus genome.
Hybridization reactions of plasmids containing unique HCMV DNA sequences
The hybridization of 32p-labelled recombinant plasmids containing unique HCMV DNA sequences with Southern (1975) transfers of BglII and XbaI digests of HCMV DNA are shown in Fig. 7 and Fig. 8 respectively. To interpret the results with HCMV DNA fragments of similar molecular weights, e.g. BgIII O, P, Q and R, the autoradiograms were examined after short exposure times (7 to 8 h); in some cases ambiguities were resolved by hybridization reactions with the terminally labelled tracks which contained less DNA. The The unique sequences contained within the terminal fragment HindlII K (8.9 x 106) hybridized with, and must be co-linear with, the terminal fragment BgllI G and with XbaI C; XbaI C is adjacent to the terminal fragment XbaI M (Fig. 6) . HindlII E (14.2 x 106) also hybridized with BgllI G and XbaI C and is therefore adjacent to HindlII K. HindIII E was cleaved twice by BgllI (7.9 x 106, 3.7 × 106 and 2.7 × 106) and hybridized with BgllI G (13 × 106), K (8.1 × 106) and Q (5.9 × 106). The larger terminal fragment must be co-linear with BgllI G which also shares a sequence (8.9 × 106) with HindlII K. The smaller terminal fragment is co-linear with BgllI Q which shares a sequence (3.2 × 106) with HindlII T. BgllI K maps entirely within HindlII E and is located between BgllI G and Q. HindlII E was cleaved once by XbaI (12 × 106 and 1.9 × 106) and hybridized with XbaI C (15.9 x 106) and N (4.5 × 106). The larger fragment must be co-linear with XbaI C, which shares a sequence (3.0 x 106) with HindlII G (KQ) and the smaller fragment is co-linear with XbaI N which shares a sequence (2.5 × 106) with HindlII T. Hence, XbaI N is adjacent to XbaI C. HindlII T (4.3 x 106) is adjacent to HindlII E. It was cleaved once by BgllI (3.2 × 106 and 1. i x 106) and hybridized with BgllI Q (5.9 × 106) and L or M (8.0 × 106). Since the larger fragment is co-linear with BglII Q the other fragment must be co-linear with BgllI L which also shares sequences with HindlII R and S. Hence, BgllI L is adjacent to BgllI Q. HindlII T was cleaved once by XbaI (2.5 × 106 and 1.7 × 106) and hybridized with XbaI N (4.5 X 106) and S (2.7 × 106). Since the larger fragment is co-linear with HindlII E, the smaller fragment must be co-linear with XbaI S which shares a sequence (0.9 × 106) with HindlII R. Hence, XbaI S is adjacent to XbaI N. 2 x 106 ). The smallest fragment is co-linear with XbaI S which shares a sequence (1-7 x 106) with HindIII T and the other terminal fragment must be co-linear with XbaI F which shares sequences with HindIII S and P. XbaI U maps entirely within HindIII R and is located between XbaI S and F. HindIII S (4.3 x 106) is adjacent to HindlII R. It was cleaved once by BglII (2-2 x 106 and 2.1 x 106) and hybridized with BgIII L or M (8-0 × l06) and W (2.7 x 106). BgIII W, which is adjacent to BglII L, shares a sequence (0.6 x 106) with HindlII P. HindIII S was not cleaved by Xbal; it hybridized with and maps entirely within XbaI F.
HindIII P (5-2 x 106) is adjacent to HindIII S. It was cleaved once by BglII (4.6 x 10 ° and 0.6 x 106) and hybridized with BglII H (11.3 x 106) and W (2.7 x 106); the larger fragment must be co-linear with BglII H which also shares sequences with HindIII U, a and b and is adjacent to BglII W. HindIII P was cleaved once by XbaI (4.8 x 106 and 0.7 x 106) and hybridized strongly with XbaI F (12.2 x 106) and weakly with XbaI G (8.9 x 106). The larger fragment must be co-linear with XbaI F, which also shares sequences with HindIII R and S, and the smaller fragment is co-linear with XbaI G which shares sequences with HindIII U, a, b, c and L. Hence, XbaI G is adjacent to XbaI F. Neither HindIII U (3.9 x 106) nor HindlII a (1. HindlII L was cleaved once by XbaI (7.0 × 106 and 1.1 × 106) and hybridized with XbaI G (8.9 × 106) and H (7.9 × 106). The larger fragment must be co-linear withXbaI H which shares a sequence (1.05 × 106) with HindlII D and the smaller fragment must be co-linear with XbaI G which shares sequences with HindlII P, U, a, b and c. Hence, XbaI H is adjacent to XbaI G.
HindlII D (15.7 × 106) is adjacent to HindlII L. It was cleaved five times by BgllI (5.3 × 106, 5-3 × 106, 1.9 × 106, 0.97 × 106, 0.67 × 106 and 0.63 × 106) and hybridized with BgllI N (7.2 × 106), R (5-7 × 106), X (1.9 × 106), a (1.1 × 106), C (0.95 × 106) and f (0.61 × 106). The larger terminal fragment is co-linear with BgllI N which also shares a sequence (1.4 × 106) with HindlII L. The smaller terminal fragment must be co-linear with BgllI a (1.1 × 106) which shares a sequence (0.51 × 106) with HindlII F. BgllI R, X, c and f all map entirely within HindlII D; BgllI X and c are located between BgllI N and R, which is adjacent to BgllI f. HindlII D was cleaved once by XbaI (13.5 × 106 and 1.05 × 106) and hybridized with XbaI B (20 × 106) and H (7.9 × 106). The larger fragment is co-linear with XbaI B which shares a sequence (7-1 x 106) with HindlII F and the smaller fragment is co-linear with XbaI H which shares a sequence (7.0 × 106) with HindlII L. Hence, XbaI B is adjacent to XbaI H. ) with BgllI a; the other terminal fragment is co-linear with BgllI T, which shares a sequence (1.6 × 106) with HindlII M. BgllI Y, Z, M and h all map entirely within HindlII F in the order given. HindlII F was cleaved twice by XbaI (7.1 x 106, 3.7 × 106 and 3.3 × 106) and hybridized with XbaI B (21 × 106), J / K / L (7"5 X 106) and Q / R (3.3 × 106). The larger terminal fragment must be co-linear with XbaI B and the smaller terminal fragment must be co-linear with XbaI J, which also shares a sequence (3.5 × 106) with HindlII M. XbaI Q maps entirely within HindlII F and is located between XbaI B and J.
HindlII M (7.4 × 106) is adjacent to HindlII F. It was cleaved three times by BgllI (3.6 x 106, 1.6 × 106, 1.3 x 106 and 0.5 × 106) and hybridized with BgllI 0' (6.7 × 106), O (6.2 × 106), T (4.3 × 106), U/V (3.6 x 106) and g (0.48 × 106). One of the terminal fragments (1.6 × 106) must be co-linear with BgllI T which shares a sequence (2.5 × 106) with HindlII F. 
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Although HindIII M was cleaved once by XbaI (3.6 × 106 and 3.5 × 106) it hybridized with four XbaI fragments; J/K/L (7-5 × 106), O/P/R' (4.1 × 106), Q/R (3.3 × 106) and T (2.2 × 106). XbaI digests of HCMV DNA contained about 1.5 and 2 mole proportions of XbaI Q/R and O/P/R' respectively (Table 1) ; plasmids containing HindlII J and Z also hybridized with these fragments. Recombinant plasmids containing XbaI fragments of HCMV DNA were prepared and three plasmids were shown to contain XbaI R (R. G. Downing, unpublished results) . Each of these plasmids hybridized with XbaI Q/R and O/P/R', HindlII J, M, Z, and BgllI O and O' (Fig. 10a) . These results indicate thatXbaI R' is a larger homologue ofXbaI R and confirm that this region of the genome is heterogeneous. Fragments from XbaI plus HindlII digests of plasmids containing HindlII M were isolated and used as hybridization probes; these probes were slightly cross-contaminated due to their similar mol. wt. (3.5 × 106 and 3.6 x 106). However, the larger fragment hybridized most strongly with XbaI J/K/L and the smaller fragment hybridized most strongly with XbaI Q/R (and also with XbaI O/P/R', see above) and with XbaI T (Fig. 10b) . This result indicated that plasmids containing HindlII M had lost the XbaI site between fragments XbaI R (or R') and T. XbaI T is located between XbaI J and R (or R').
HindlII Z (1.5 x 106) is adjacent to HindlII M. Neither HindlII 0 (5.9 × 106) nor HindlII Y (2.6 × 106) was cleaved by either BgllI or XbaI and both hybridized with BgllI D and XbaI A. They were ordered by hybridization reactions with EcoRI fragments of HCMV DNA (Fig. 11) . HindlII N and Y hybridized with an EcoRI fragment with a mol. wt. of 7.5 × 106, HindlII Y and O hybridized with an EcoRI fragment with a mol. wt. of 0.6 × 106 and HindlII 0 and fragment H8C5-PstI b (from a unique region of HindlII I) hybridized with an EcoRI fragment with a mol. wt. of 8-5 × 106. Hence, the order of the HindlII fragments in this region is N-Y-O-I. The L region is terminated by HindlII I and the internal repeats are spanned by HindlII C (IQ; 17 × 106) which was not cleaved by BgllI. Plasmid DNA corresponding to the unique sequences of HindlII I and Q hybridized with BgllI D and F respectively (Fig. 4) , indicating that BgllI A (DF) is co-linear with HindlII C (IQ). Plasmids containing HindlII C were cleaved once by XbaI (11 × 106 and 6.3 × 106) within the internally repeated sequences of the L region (Fig.  3) and have been shown (Fig. 5) located between XbaI 0 and P. HindlII X (3.4 x 106) was not cleaved by BgllI; it hybridized with, and maps entirely within, BgllI F. It was cleaved once by XbaI (3.0 × 106 and 0.4 × 106) and hybridized strongly with XbaI D/E (MI/ML; 13.5 × i06), and the heterogeneous terminal fragments, which had electrophoretic mobilities between XbaI H and J/K/L. HindlII X hybridized weakly with XbaI O/P/R', indicating that XbaI P is adjacent to XbaI I and that HindlII X is adjacent to HindlII Q. HindlII V (3-7 × 106) is adjacent to HindlII X. It was not cleaved by either BgllI or XbaI; it hybridized with BgllI F and XbaI O / P / R ' and maps entirely within BgllI F and XbaI P. HindlII W (3.7 x 106) is adjacent to HindlII V. It was cleaved twice by BgllI (2.7 × 10 ~, 0.78 × 10.6 and 0.3 × 106) and hybridized with BgllI F (13 × 106), P (6.0 x 106) and e (0.69 × 106). The smaller terminal fragment must be co-linear with BgllI F, which shares sequences (total mol. wt. 12-2 × 106) with HindlII Q, V, W and X. The larger terminal fragment is co-linear with BgllI P and BgllI e maps between BgllI F and P. HindlII W was cleaved once by XbaI at a site close to one of the HindlII sites. It hybridized weakly with XbaI O / P / R ' and strongly with XbaI J/K/L, indicating that XbaI K is adjacent to XbaI P. The S region is terminated by HindlII H, which is co-linear with the terminal fragments BgllI I and XbaI L. HindlII B (KH; mol. wt. 21 × 106) was cleaved five times by XbaI (tool. wt. 10.0, 3.7, 3.0, 0.3, 0.3 and 0,2, all × 106) and four of the XbaI fragments map entirely within 128 J. D. ORAM AND OTHERS HindlII H (Fig. 3) . XbaI V and W (mol. wt. 0.3 x 10 6) and X (mol. wt. 0.2 x 10 6) are adjacent to the terminal fragment XbaI L and their order has not been determined. These mapping data show that the L region of HCMV DNA is bounded by HindIII K and I, BgIII G and D and XbaI M. The S region is bounded by HindIII Q and H, BglII F and I and XbaI I and L.
DISCUSSION
Recombinant plasmids were constructed which contain all the HindIII fragments of HCMV DNA, with the exception of the internally repeated fragment A (IH) and the terminal fragments. As the sequences present in HindIII A and in the terminal fragments were also present in plasmids containing the other internally repeated fragments, a gene bank for the entire virus genome was produced. Plasmids which contained either HindIII M or I had lost one XbaI site compared with the corresponding fragment of HCMV DNA, indicating that some DNA sequences may be modified, during replication in E. eoli, possibly by methylation (Roberts, 1981) .
The data presented in this paper have been used to construct HindIII, BglII and XbaI cleavage maps of HCMV DNA. Although some of these data agree well with the results published for the same strain of HCMV by Weststrate et al. (1980) there are significant differences. Digestion of our preparations of HCMV DNA (strain AD 169) with either Bal 31 or exonuclease III showed that the terminal fragments are HindIII H, I, K and Q not U (qW). These assignments were confirmed by hybridization reactions with DNA fragments prepared from recombinant plasmids containing internally repeated sequences. Similar experiments showed that the BgIII terminal fragments were BgIII D, F, G and I, not L/M (hW); BgIII I was co-linear with HindIII H whereas BgIII L and M (h w) were mapped in the unique sequences of the L region. In addition, Weststrate et al. (1980) reported that XbaI cleaves within the internal repeats to produce molar proportions of three terminal fragments, XbaI (cw), (d w) and (pW) and a series of submolar fragments: XbaI (jw to n w) which together total 1 mole equivalent of DNA. We have now shown that the XbaI cleavage site in the internal repeat is in the L region, about 8 kilobases from the LS junction. The L region is terminated by XbaI M, or the homologous fragments XbaI M', M" etc., and the S region is terminated by the half-molar fragments XbaI I and L. These results show that the fragments containing internally repeated sequences are HindIII A, B, C and G, BglII B, E, A and C, and XbaI D, E, C,M and O. Our cleavage maps show several other differences from those published by Weststrate et al. (1980) . For example, we have inverted two blocks of fragments in the L region to locate HindIII c adjacent to HindIII L and to locate HindIII F adjacent to HindIII M which has itself been relocated between HindIII F and Z. Furthermore, HindIII V has been mapped between HindIII X and W in the S region. It is probable that some of the differences between our maps and those published are due to the use of different techniques and alternative interpretations of hybridization data rather than differences in the structure of two preparations of virus DNA. Differences in the interpretation of two sets of data would affect the order of the fragments from HindIII E to HindIII J. Our hybridization data (Table 3) indicated that HindIII E hybridized with BglII G and XbaI N and that HindIII F hybridized with BglII L/M and XbaI J/K/L. However, the physical maps of Weststrate et al. (1980) require that HindIII E (b w) should hybridize with BglII G (c w) and XbaI J (h w) and that HindIII F (c w) should hybridize with BgIII K (gW) and XbaI N (oW). Weststrate et al. (1980) used HCMV DNA fragments as hybridization probes and in some cases these were mixtures of fragments with the same or similar electrophoretic mobilities, e.g. HindIII E and F. Under these circumstances hybridization data are difficult to interpret; these problems are avoided if, as in this investigation, recombinant plasmids are used as hybridization probes.
